
Experiences with Distributed Objects

Andrew C. Carlson There has been much talk of the potential ofobject (component-oriented)
Wi lliam R. Brook technology for building distributed systems, especially on-line transaction

Christopher L F. Haynes services, but few opportunities or imperatives to actually use it in produc­
tion systems. One such opportunityarose in the United Kingdom (UK) .
when legislationcoveri ng the provision oflife insurance quotations
changed in January 1995, renderingobsolete the existing national quota­
tions service provided by AT&T The necessity fo r change, even radical
change, in the system that produced these insurance quotations had
become clearnine months earlier. Atthat time, managers and support
staffofthe existing service became aware that the changes required by
the legislation could not be made rapidlyenough, nor reliably enough,
using conventional development techniques.This paper describes how a
teamofdevelopers inAT&T ISfEL used distributed objects and the
Common Object Request BrokerArchitecture (COREA) standard to
implement the updated system in time for the changein legislation.
Running across more than 50Windows NT* servers, the system has given
distributed objects operational credibility and provided valuable lessons
on the technology adoption process.

Introduction
In May 1994a teamofdevelopers at

AT&T ISTEL were approached bysenior man­
agementwith a seeminglyinsurmountable
challenge-to implementchanges toa legacy
insurance quotation service intimetocomply
with newlegislation scheduledto take effect
onJanuary 1, 1995.Although senior manage­
ment considered this a difficult- ifnotimpos­
sible-task, failure tocomplywould resultin a
major loss ofbusiness.

Figure 1shows the configuration of
the quotations system before it was updated.
It ranon a VAX*cluster (a networked group
of Digital VAX machines) executing life
insurance quotations from a number ofthird­
partyinsurance companies. Customers, who
are financial agents, accessed the system via
videotext terminals (a simple colorcharacter­
based terminal) or Windows" workstations
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emulating these videotext protocols con­
nected via dial-up serial lines.

Each insurance companyspecified
the algorithms that would be executed to
provide the insurance quoteforeach type of
insurance product, such as mortgage life
assurance, pensions, or illness. In some
cases, they allowed connection to their own
computer systems to perform the quotation.
To address the changes required to meet
the newlegislation, each of49 insurers
(other than those whose own computer
systems provided quotation services directly
to AT&T systems) would be delivering new
algorithms foreach product, a total ofmore
than 150algorithms. In allprobability, many
of these wouldarrive in November and
December of 1994 rather thanJune or July.
With these constraints, the developers



quickly realized they did not haw enough time to (ode
and test the new algorithms,

Inaddition. even though the newlegislation
resulted in more iterative. CPU-intensi\'e algorithms than
those previouslyin place, the service-level agreements
dictated that each quotation issued be completed within
10 seconds.111e system was required to support quote
comparisons. inwhich quotations from several companies
are provided. for comparison purposes. again within 10
seconds overall.

Proposed Solution
Aproposal was made early in the project for

insurers to provide a PC application that would perform
the calculations required. Because many insurers were
already goingto undertake this work for their direct sales
fo rce, who frequently make home visits and therefore use
laptops, this seemed a good suggestion. These applica­
tions would then be placed on a server running the MS­
DOS*operatingsystem, as shown in Figure 2.The
existing Digital VAX/YMS*system would transfer quote
service parameters to the relevantmachine and receive
answers in the form offiles from the PCapplication. Initial
proposals were tocreate a simple file-based mechanism
usingbasicnetworking software to move the required
information between locations.

Forcommercial reasons, insurers were unwilling
toshare a machine with other insurers. Asa result. three
machines were specified foreach service-the service
machine, runningthe live services;a normally idle
backup machine; and a test machine, used by insurers to
test their newvariants.

Theoriginal proposal, however,hadseveral problems:
- The full system would require as many as 150PCs

running MS-DOS (3 per company) , because each
insurer would require at least one backupmachine and
one test machine per product.

- The messaging protocol envisaged would be difficult to
keep secure and reliable.

- No supportwould be available for those insurers who
chose to use Windows NT,* Macintosh,*or OS/2* PCs.

- Securityand robustness were lacking from the MS-DOS
operating system.

- Effective multitaskingwould be essential to support
the interface mechanism being proposed.

Panel 1. Abb revi at ions, Acronyms, and Terms
API-application programming interface
CASE-('omputer-aided software engineering
CORBA-Common Object Request Broker

Architecture, a standard endorsed bythe Object
Management Groupto handle communication
of messages between objectsin a distributed,
multiplatform environment.

DCE-distributed computing environment
FAT-FileAllocation Table. the part of the DOS and

OS/ 2file system that keeps track ofwhere data
are stored on disk.

IDL-interfacedefinition language
LAN-local area network
legacysystem-a euphemismfor an aging software

system with a pooror outdated architecture
OMG-ObjectManagement Group, an international

organization that endorses technologies such as
open standardsforobject-oriented applications.

ORB-Object Request Broker
NTFS-NT File System, offered by Windows NT,

uses the Unicode character set and allows file
names up to 255characters in length.

object-a self-contained module ofdata and its asso­
ciated processing, Objects are software building
blocks.

socket-a network communication system
TePlIP-transmission control protocol/Internet

protocol
viewdata-a system fordisplaying colorcharacter

screens on low-cost terminals. Developed in the
1970s, it waswidely used for travel agencies and
financial services. It uses very low datatrans­
missionrates and may have only a minimal,
telephone-like keypad.

VMS-VirtualMemorySystem,a multiuser, multi­
tasking, virtual memory operatingsystemfor
the VAX series, manufactured by Digital
Equipment Corporation.

WAN-wide area network
wrapper-a program or process that converts non­

object-oriented protocols to object-oriented
ones, andvice versa.
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Alure 1. In the original system. the VAX system processed
all IncomIng requests from vldeotellt terminals. The algo­
rithms used to produce the Insurance quotes were specific to
each company.

- The Ms-nos insuranceapplications beingused are
designed to stand alone. The effectof the additional
low memory that would be consumed by network
drivers and other equipment would haveto be
evaluated foreach application.

- Little or no provision was madefor remote manage­
mentand monitoring in this typeofoperating
environment.

The development team was looking for a com­
municationsand operatingenvironment with consider­
ablymore functionality and ease ofdevelopment than a
simplefile transferor socket (a network communication
system) mechanismcould otfer. Normally, a full "hands­
on" evaluation is conducted on all relevanttechnologies
and products. In this case, there was insufficient time
available. and, in fact. manydoubted that enough time
existed to implement at all.Asa result, a paperevalua­
tion of message queuing and file transfer products was
carried out. These products were rejected as nut pro­
vidingenough reliability or failure detection.

Becauseteam membershad had personal experi­
encr with distributed objectsystemsin the past, they
looked in the same direction to solve this problem.The
proposal was revised to use the Winduws NT platform
and to adopt the Common Object Request Broker
Architecture (CORUA) standard to provide communica­
tionfacilities (sec Figure 3).

Adopting this two-point plan offered a number of
advantages:
- Windows NT made it possible II execute DOS,

Windows. Windows NT. and OS/ 2 character applies-
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tions in a secure environment. Given the multivendor
environment, this wascritical.

- Windows NT alsosupported remote administration.an
essential featurein such a large numberofservers.

- The CORDA distributedobject standard anda support­
ing development tool offerl'd a rurnmunlcations archi­
tecture that not onlysolved the immediate problem in a
secure. reliable, and flexible manner, but alsoprovided
a long-term strategy for the system byallowing the
VAX/VMS systems tu be phasedout,Architectural
improvements were madeas well,

- Thoarchitecture adopted allowed transactions to be
reroutedautomatically toalternate server platforms if a
hardware fault or software crashoccurred,This reduced
the overall nU1110cr of machines required. It alsosignifi.
cantly improved on the expected service levels agreed to
byinsurers for correcting certain types ofproblems­
from several hours down to several seconds. By distrib­
utingtransactions among allavailable servers rather
than usingservers onlyforcontingencypurposes, it also
provided betterperformance.

- The Windows 1\1' File System (NTFSl wasknown to he
more reliableand secure than the nos FileAllocation
Table (FA1) FileSystem. Because AT&T ISfEL was
runningthis service on behalfof several companies,
the confidentiality of such items as commission rates
was impurtaru,

IHstrlbuteci ObJects
CORUA is an industry standard forhowobjects

communicate withone anotheracross a wide or local area
network (WAN or LA.N) . This is formed arounda
client/server pairing, in which each object provides
services to another. Obese are only rolesforan object
within a system. and.as such, a given object maybe
either a client,a server, or both at any given instant) 111C
CORD/\ standard allows object services to be accessed by
name rather than location. This feature enabled the devcl­
opment team to locate available or unloaded servers in
preference to specific machines runningspecific servers.
It also balanced the load of transactions among allthe
available servers and permitted transparent transaction
rerouting ifa server failed.

111e CORBA standard was originally developed in
lY91 by the OMG. an industry consortium. Since then it
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Flgu", 2. The Initial proposel for the updated systent shows
the VAX .ystem acting a. a videotext front-end proceaaor,
wtth DOS machines performing the Insurance quata-.

has received support from a wide rangeof membersand
vendors, including Digital, IBM, andAT&T. The CaRRA
1.2standardI consistsof three main features-an
interface definition language (IDL). a language mapping,
and a statementofsystemarchitecture.

First, the CORBA standardspecifics an IDL,
defining which methodsare available on a given object
(asshownin PanelZl.It alsoserves to spt~cify how
parameterobjectsare constituted. Second, a language
mapping is defined. specifying which application pro­
gramminginterfaces (Al'Is) are to be madeavailable hy a
CORBA-compliant development system, and huwthe code
producedhy the IVL compiler will use these APIs. For
CORBA 1.2 and its predecessors, only a C language
mapping is defined. last. the standardand its related
standards include a statement of the architecture ofthe
system. defining' and suggesting howfeatures such as the
hrokcringofservices are undertaken. An alternative to
IDI. termed dynamic invocation. is also defined. which
allows interfaces to specific services to be queriedat run
time. This eliminates the need to compile adient
programthat has the interfaces andservice properties
usin~ IDL hurd-wired intoit.

CORRA 1.2 makes noattempt to standardize on
the protocols that are used to transmit objects. It is
therefore likelythat different vendors' implementations
will not hi> interoperable. unless thevhave chosen an
underlying standard such as the m;tributed COI~lput i ng
Environment (Dem 10 enable this interoperability,

The CORRA ~.O standard.t formally released in
1995. proposed twosignificant features: c++ language
mapping and an internperability standard, Extensions are
currently beingproposedforsecurity andother language

mappings such as Smalltalk. These additions to the
standard will make possiblepublic, freely accessible
;;ervices. with generic clientprograms, perhaps resulting
11\a free trade inservices similarto the model for infor­
mation access demonstrated by the World WideWeb.

WIuot Ie an ORB 'PThe Object Request Broker
(ORB). the heart of the CORlJA standard, defines the
ser"!ces that arc available to the outside world. Every
servicemust create at least one ORB, although there is
nothing to slop more than one being created.The ORR
is the unit that is brokered to makea given service
accessible.

DI.trt.....ed Object. and the In.urance Probl.m
The choice oi a tool based on the CORBA

standard gavethe development learn several advantages
over the original proposal.

f!eJdb\llty. One feature of this project wasa seem­
ingly endless stream of minor specification changesfrom
the insurancecompanies.These changeswere adopled
rapidly, even during the final few weeksofthe project.
The specifications of the transactionobjects wereentered
intoan object-oriented computer-aided software engineer­
ing (CASE) tool, Paradigm Plus," from Protosofl. This tool
cangenerate CORBA IOL and CH source codeand allows
customization ofgenerationto support project-specific
features. The generation of IDL thus permitteda rapid
turnaround on simple specification changes.

In-.nee Pro.....r lntert_. Whenthe insurance
quotation systemwascompleted. each insurance

IP-.I2. A .......1. of COR8A 1.2 IDL - - - 1
This sampleofCaRRA 1.2 mL showshowan insur-
ance productand its interface aredefined. in this case
forIIlI endowment mortgage.
':'n:. ~r fare En:tc \\,'t1\.... n t !-lc ! t ::;ag~ i\oquest;

in te rface B~doA~cn(: l l cs t rat ion;

I i r. -:.er fit t':t" E"do",,",~n tHI.· rt 9a'JeRGqucs t Hnd ;
l nt.~ r t .:lC~ Endnll"IrWiU ; ~ : 11 1l8 t ra t. i on H:>di

I in l ~ rt ac~ ~nJ~~~~tMo t tQagp. : M~rt9~gc

I ~'O i<i i l l u ~ : l " t Q : i n £, ·do ;,.......ntHunga;:;eRQ c;"e~ :
':n...:u t £nd·=-\\.': · ,ent.:: l lu~ : r a e Lon :' 11u3 t ) :

1 1 '1 ....J
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Agure 3. In ttle final proposal, the VAX system continues to
process incoming vldeotut Information, but the Insurer's
transactions are now processed by Windows NT servelS
using a CORBA transport.

company would provide its own executable program for
issuingquotations. In theory, the industryconsortium
wasimposing standards on the route to be adopted; in
practice, the chosen solution involves the adaptation ofa
widevariety ofquotation applications to communicate
with the rest of the systemill a standard manner. Given
that virtually every application representeda uniquecom­
bination ofdevelopment language (hence, level ofI/O
support) and operatingsystem, there was really onlyone
option-a "low-tech" approach. The team developed a
CORBA-awar~ wrapper runningin Windows NT native
mode, whichwould receive incoming insurance quotation
requests. (Awrapper is a programor object that makes
another programappear to the object environment, III
this case, CORBA wasa native object. even though it knew
nothingof the object or CORRA.) The information con­
tained in each request wasthen written to a specified file
forconsumption by the insurance Quotation engine,
which executed it in a variety of modes, but primarily in
the Ms-nos emulation mode,The wrapper, on the other
hand, always ran in nativeWindows NT 1II0dr . When the
Quotation was completed, the insurer application wrutean
output file, which the wrapper detected ann read from to
create the reply transaction. This was returned in the
formofa CORRA reply.

While the file-based interfaceapproach satisfies
many of the insuranceproviders' needs, it also creates
some problems:
- All files must be namedin a way that avoids clashes.

111e wrapper, termed the "server proxy,' handlesall file
namemanagement, When it starts up, it tells the insur­
ance provider's application which names it should use.
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- nil' server proxycleans up the uldfiles, nithougha
well-behaved insuranceprovider's application is
expected to delete its inputfile after it has been
processed.

- Synchronization between reader and writer is difficult
10 achieve, given the number of file and other
input/output implementations involved.This was
solved by renamingfiles once writing wascomplete
and beforereading couldbegin,

- The use offiles impllcs that the reader must poll the
disk to see if the file exists. BecauseWindowsNT
increases task priority based un I/O frequency. applies
tionsweregaining100 much priority when they were
polling (more so than whenperforming a quotation).
This wasresolved by usingthe server proxyto luwer
the task priority of the insurer's application when it was
not processing a Quotation.

Architectural Issue.
Because of the time constraints on the Quotation

system's initial delivery.the VAX/VMS systemwas
retained to support the existing user interface, some
minorcorrallingand processing, and the hardwarefor
dialing into the system. Byadopting the CORBA standard,
however, the development team retained the option to
offerWindows-based clientprograms directly lu the
customer at some later date.This would bypassthe
existingVAX/VMS system altogether, allowing the team
to gradually move customers to a Windows workstation/
CORRA-based system. while usinR' the same system to
support the original videotext users. h short, the choice
mrt both their pressing short-term goals, and also their
long-term, strategic aims for reenginecring this legacy
service, The CORBA architecture, chosenas the transport
mechanism,was approved by the customers-the
insurers-who were happy to see a standards-based
approach used in this mission-critical project.

Choice of DlstltbutJen T••noloO. 'llIe main con­
straint on this decision was the need to find a mechanism
that would support both a relatively old operatinp system
and a newone. namely: VMS and Windows NT intor­
tunately, at that time most of the marketplace supported
only one or neither.

The development team was looking for a product
that oifered considerablymore in functionality and case
of development than a simple "data pipe" such as sockets.



FIgure 4. The Wlndo_ NT server, and how It relates to a
DOS lnaurance application. The appilcaUon service, which
provlclea quotations. Is mode up of two components that
exclulnge Infolm8tlon via tile file system. To the left of the
file system II tile wrapper. or proxy. which looks like an
object to the CORBA system. Mlnslde It,M metaphorically
speaking, Is tile DOS IIppllcallon proVided by tile Insurance
company. The shape Is half of II Iymbol typically used to
denote an obJec:t, representlnu the fact that tile wrapper has
an object side and a nOlHlbject side.

They were pleasantly surprised to find a distributed
object product loosely based on the OMG CORBA
standard, namelynOME. ()l'vl'lnpl'l! by Ohjed Onl'nll'd
Technology (which has since ceased trading). it sup­
ported the required platforms. and its supplier was onI)'
25miles from the development team's office. DOME fully
supported the CORBA lOl, bUI il was based on the c++
language. rather than C. At that time, the C languagewas
the onlyspecified languagemapping for CORDA (CORnA
~ .O nnwincludes a full C· · mapping) . Having used C+'
or Smalltalk for development Iora number IIf years, the
team was pleased to beable to use this language rather
than the standard CORDA 1.2 C languagemapping.

From previous experience with projects
involvin r intcnnachiue l'IlI lIlIIII Uil'alill l, lh.· d l'\'t ·llIllI' r.>
expected that it would take at least several weeks before
they could demonstrate a minimal fonn of communica­
tion. In fact. they had a workingdemonstration between

twoWillliows vr machines after only twodays. The use
of WLwas a significant factnr in the case withwhich they
were able to achievethis result. lOLprovidesan nbjl'd
developer with a very simple. natural wayof describinga
distributed system. This description is then put through
a cumpiler In provide the communication capability of
the finished system.

This process was made easier by using a gener­
ating CASE tool, Paradigm Plus, to generate the required
IDL All specifications for the systemwere retained in
the C.o\.C;;F. tonl,and changes wen' made to a single
design repository.TIle development learncould then
generate IDL or C- as required. and/or use the IOL
to generate C++ interfaces,

The IDL is used to zenerate "stub" code. which is
buill ill III all componentsof the distributed system. At
present, it is necessary to ensure Ihal all paris of Ihe
systemare generated from a single IVL source (and the
same version of that source). This mar pose problems in
a systemwithman)'machines, particularly if frequent
rhallges ure expected, because any change will involve
updating allmachines at the same time.

An alternativeto the WLapproach involves
havingthe componentsof the distributed system declare
themselvesto each other (at run time. forexample)via
the CORRA Dynamic Invocation Interface. This type of
architecture makes il possible III cope wilhchanges illa
more enlightened fashion. It also promises newpossibili­
ties, such as the usc of higher-level development tools
(forexample,fourth-generation languages. or 4GLs) ,
~1kTClsllft Visual Basic. and others, to integrate with the
distributed system. Th is possibility has nnt yl'l been
investigated.

FInal Architecture
"1111' I'xisliug viewdutn software is retained 10

continue support for this method ofworkstation access.
provide user authorization. and coordinate all system
activities performedon behalfof the user.The viewdata
software makes calls viaa simple function call interface
intn the client side of the C, t Object \Iod l'l llIIplemen­
tation. which defers 1II0st operations to a server via the
CUIlliA OUI\·tE system. OU~lE communicates from the
VA.\: to the ' ....indows NT PCs through sockets using the
Tel' .]p network protocol.A custom server application

AT&Til:l' III' Il'AJ.) OlIRNAJ. . \I~ il\'If ~,~1: I ~'''': ,iI



(the server proxy) is written as a Windows \ T system
service and performs the following roles:
- Wrappering oi the file-based interface mechanism to

make it appear as an object.
- Buffering oiquotation requeststo ensure that the

insurance provider application is only given one
request at a time.

- Error handling andcleanupfo r the tile-based interface
mechanism, and

- Startup/shutdown processingandcontrol oi the pro­
cess priority ofthe insurance provider's application.

Because the server proxy is a Windows NT
service, it restarts automatically should a machine failure
occur, thusensuring that it is on line again as soon as
possible. In the meantime, the failure is detected and
other servers take upthe load. Structured exception
handling ensures thateven a catastrophic failure ofthe
software still results ina correct shutdown of the
insurance program, a DOS application. Onone occasion,
however, this resulted in a graceful cleanup after a fatal
application error,which made detection of the error very
difficult, despite error logging.

DOME also provides the Location Broker,a dis­
tributed directory service with which services register
when startingup. It is then queried by the VAX to locate a
server capable ofperforming the quotation required. For
commercial reasons andclarity ofresource allocation,
each insurer isassigned specific ~T server machines on
which to run its software, which may consist ofseveral
insurance products.

Extens ions to DOME. To make the DOME system
effective in the context ofthis project, it had to rapidly
detecterrors-either communications or otherwise-and
reroutetransactions toan alternate service. Atthe project
start, the DOME system relied onTCP/IP for a non­
adjustable gO-second time-out. It was notpossible to
detect whether a service or communication link had
failed within this time. Withassistancefrom Object
Oriented Technology, the vendors of DOME, the devel­
opment teamtooktwo actions:
- Aconfigurable time-out was incorporated andreduced

to 5seconds for this project.
- The location broker regularly checked the integrityof

each server by using the low-level "ping" facility (a
TCP/IP sanity checking feature).
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Using a secondORB to check service integrity
imposed performance overheadsand actually reduced
reliability. This method was abandoned.

Results and Le ssons Learned
The development teamlearned somekey

lessons that can be appliedto reviving systems based 011
legacy systems ina reasonable time frame using object
technology. TIle development team believes that the lise
ofobjects and the novel trainingmethods used to teach
object technologywere important factors in the success
ofthis project.

Legacy Sy stems. This project has demonstrated
that innovative technologycan be used togive newlife to
old systems that might otherwise be unable to fulfill the
expectations of today's systems. Alone, the VAX·based
systemwasincapable ofmeetingthe newrequirements.
Introducing distributed object technology enabled the
team to migrate the resource-intensive functionality to a
more capable platform withoutrequiring migration and
consequent rewriting ofthe remaining system.TIle effort
involved in these tasks would make the project totally
unfeasible in the time frame required.This isa keylessor
for technology providers: Evaluate newtechnologies and
recognize the possibility that oneofthemmay be useful
in reviving systems based onolder technology. If the
older hardware and operating systemsare supported or
canbe interfaced to, even if only at a reduced level of
functionality, it may be worth the effort.

Object Tra ining. It is a common maxim, recently
stated by Marie Lenzi in Object Magazille,3thatone
should keepobject pilotssimple,limit the number ofnew
technologies, and notuse themformission-critical and
time-critical projects. The development teamwholeheart·
edlysupportsthesegoals.

Unfortunately, reallife is seldom so kind. In
practice, seniormanagement is usually only willing to
consider untried methodssuchas object orientation and
distribution when backed into a corner-in short, when
theyare faced with time-critical, mission-criticalprob­
lems, and the riskofthe newis less than the riskofcon­
ventional tools, which are certain to fail. Such was the
case with this project.

Despite these risks, the team managed because
of two factors. First, two team members who were very
experienced with objects were able toguide the



remaining members of the team. Second. the team used
novel methods of training.

On severaloccasions the teamwas advised to
adopt objects ina "slow, but sure"way. for example.
teachinga newfeature of C-!-+to existing C programmers
each week.TIle teamfelt that this was the wrong way.
Object orientation involves a completelydifferent mindset
than conventional program development. Rather than
taking a "softly-softly" approach, they had to "go for
broke,"breaking people's existing mindsct before intro­
ducingthe newone. With this in mind, allofthe newstaff
were sent toa one-week Smalltalk course (despite the
intention to use C++ on this project). This forced the staff
members to come to terms withobjects, rather than
muddling through using elements of C ina C++ program.
It took about two months for the programmers to thor­
oughlygrasp object orientation; during this time, the
project was largely unproductive. When the training
periodconcluded, however, the project begantocatch up
with itsdeadlines rapidly, eventually meetingall itsgoals,
plus some additional ones that arose alongthe way.

Since then the business unithas extended this
training to introduce all of the appropriate staff, including
analysts, toobject orientation.These are some ofthe
basic maxims that theyfollow:
- Formal training cangive a developer a basicgrounding

in C++ and00 techniques,but there will still be a long
way togo at the end of the course.

- The use ofexperienced personal mentors has proven
beneficial fortechnology transfer in bothC++ develop­
ment andobject-oriented techniques.

Reuse. Software components are often construct­
ed ina generic manner so theycanbe used in other,
possibly unforeseen, applications. Just suchanapproach
has been applied on this project.Asecond form of reuse,
namely, buying commercially available components, is
easilyoverlooked, even though it is of more immediate
benefit. This involves the careful selectionofcooperating
::lass libraries purchased fromthird parties. Further
details are beyondthe scopeofthis paper.

Reusable Components. If the additionalefiort
required tocreate reusable components is to bear fruit,
the organization must provide an environment that
fosters reuse, bothbydeveloping and managing reusable
components andby encouraging their reuse.

One effective approach is to promote awareness
ofthe availability ofcomponents within the development
community. The precise nature of such a mechanism
depends 0 11 the size andculture of the organization. The
business unit in question has adopted a regular forumof
key developers fromaround the company. at which such
matters are discussed.

Documentation or training materials should be
written with the reuser in mind, rather than being an
exposition on how the components themselvesare
designed. Such materials should contain examples
showing how the componentscan be applied.

Effective ownership ofcorporate software assets
should be assigned to appropriatework groups,
includingsupport for the reusers, review ofnewcompo­
nents, management ofchanges, and contribution to the
documentation and testing ofcomponents to the level
required for reuse. Where development focuses on
research or infrastructure, reuse should be easy to
achieve. If the organization is totally project focu sed, as
is the case with AT&T ISTEL, it may be more difficult to
introducea reuse culture.

Distributed Systems. Onthis project, the use of
distri buted objects andthe COREAstandard taught the
development teammany lessons, one ofwhich is this:
Selectthe COREA toolsetvery carefully. Although the
developers made the only choiceavailable at the time,
they had to spend a significant amount oftimeimproving
the integritychecking ofthe system.They hadto enable
the system to detect almost immediately when a server
had failed so transactions could be rerouted to an alter­
nate service. If a project requiresintegrity checking, its
developers should select a more capable implementation
ofCOREA, rather than writing extensive integrity
checkingcode, which isa nontrivial matter.

Conclusion

This project wasverychallengingandat times
stressful for all involved in its implementation. Looking
back, the development team feels justified insaying that
object-oriented development has proven its ability to
deliver a system that meets its customers' needs.The
quotation server environment was developed throughout
usingobject-oriented techniques.The systemwas
delivered and workingon time at the beginning of 1995.

AT&TTECHNICALJOl;R)\ AL • ~!AHCIl:APRIL 19% 65



Even when it encountered excessive loads owing toa
post-holidaybacklog within its first fivehours ot
operation. the system exceeded its design load without
failure. It is continuing as of thisdate to provide a high
availability service toAT&Ts insurance customers in
the UK.

Object orientation is nowbeing used on numer­
ousprojectswithin both financial andnonfinancial market
arenas. Ii the development teamhad to propose some
unbreakable rules regarding the introduction ofobjects.
they would recommend two things:
- Use experienced staffto ensure success-object orien­

tation is learned from experience. not from courses.
Borrow or buyin experienceifyou have none in your
businessunit.

- Beradical. Adopt object orientation wholeheartedly or
notat all, and adopt it quickly in onesmall grouprather
thanbya gradual transition in many groups.

*Trademarks
Macintosh is a registered trademarkof Apple Computer. Inc.
MS-DOS. Windows. andWindows NTare trademarksand Visual Basic

is a registered trademark ofMicrosoft Corporation.
OS/2 is a registered trademarkof International Business Machines

Corporation.
Paradigm Plusis a trademark ofProtosoft
V!\f... VMS. and Digital are registered trademarksofDigital

Equipment Corporation.
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Useful Web Sites

Object Management Group: www.omg.org,
ftp.omg.org

AT&T ISfEL: www.attiaa.attistel.co.uk:8000
(accessible also from the www.att.comindex)
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